Eq. 4 applies also to the case of two functions with maximum strength S for different amounts of s, p, and d character; in this case a2, 7r2, and 62 are to be replaced by ua', rr', and 66'.
of d character tend to lie at angles 900 and 1800, and those with a larger amount, at somewhat smaller angles. Equations have been formulated for the strength (value of the angular part of the wave function, normalized to 47r) of two equivalent hybrid spd and spdf bond orbitals in directions making the angle a with one another, and these equations have been used in the discussion of the structures of transition-metal carbonyls and other substances (1, 2) . These equations are valid only when the orbitals used in formulating the hybrid orbitals comprise completed sets of subshells. Often, however, the need to keep the promotion energy small limits the available orbitals to a part of a subshell, so that the equations are not applicable. I have accordingly now developed a way of calculating the bond angles between the best equivalent spd bond orbitals with arbitrary amounts of s, p, and d character.
Let the contributions of s, p, and d to a bond orbital be a2, r2, and 62, respectively, the orbital then having the form as + 7rp + Md. The best bond orbital in the direction 0 = 0, Ip = 0 and with this composition is I(0,0) = as + irp, + 6dz2 [1] with a2 + 7r2 + 62 = 1. The wave functions are represented by the usual symbols (2 [4] Eq. 4 applies also to the case of two functions with maximum strength S for different amounts of s, p, and d character; in this case a2, 7r2, and 62 are to be replaced by ua', rr', and 66'.
Values of bond angles and bond strengths for some equivalent orthogonal bond orbitals with maximum strength are given in Table 1 . It is likely that the decrease in S associated with deviation of a bond angle from the best value is in all cases about the same as for sp3d5, discussed in earlier papers (1, 2 Eq. 4 gives the values 82.06°and 143.580 for the bond angles. The peaks in a radial distribution curve calculated from the electron diffraction pattern (4) give the values 870 and 1560, and the averages of 15 smaller and six larger bond angles reported from the determination of the structure of the crystal by x-ray diffraction (5) are 840 (mean deviation 90) and 1480 (mean deviation 100). These values agree moderately well with those given by Eq. 4 .
In predicting a structure we may introduce successive fluorine atoms with the maximum number of angles 82°. The first three form a spherical triangle, and the fourth a rhomb. A fifth may be added out from the center of any of the four unshared edges. A sixth may be added to one of the other three edges, except that one of the three structures is unacceptable because it makes a bond angle too small. The best structure is the one in which atoms are added to two sides of the rhomb adjacent to an obtuse angle. A seventh atom can then be introduced. The fit is a tight one, with 12 bond angles between 770 and 78.50. The other nine lie between 1160 and 1490, average 1330. Polar coordinates are given in Table 2 . The structure has a plane of symmetry.
Another structure is obtained by putting the sixth atom at an opposite edge of the rhomb, introducing a 2-fold axis, with the seventh bond along this axis. This is the structure reported for the crystal (5). Coordinates are given inTable 2.This structure is probably less stable than the first one, but the difference in stability may not be great, and the molecule may change from one to the other. With the coordinates given, the bond angles for the second structure are 780 knine angles), 650 (two), and 1050 to 1490, average 130°(ten). The axial-equatorial bond angles are 800, the equatorial angles 890 and 1600, and the bond lengths 181 pm (axial) and 188 pm (equatorial).
Xenon tetrafluoride For xenon in xenon tetrafluoride, XeF4, six orbitals are needed, two occupied by unshared pairs. The angles 900 and 1800 for sp3d2 lead to an octahedral structure. If the two unshared pairs use all of the s orbital and one p orbital they would lie at opposite corners of the octahedron. The calculated bond angles for the remaining orbitals are 70.5°and 1800. The structure is known to be square planar, with bond angles 900 and 1800 (9, 10) .
Other transargononic compounds The discussion of compounds in which the transargononic atom carries one or more electron pairs is complicated by uncertainty as to the division of the s, p, and d orbitals between the unshared pairs and the bonds. The unshared pairs contend more strongly for s than for p, and more strongly for p than for d. With five equivalent best orbitals, sp3d, there is only one bond angle at which they are orthogonal, 100.60. However, only three bonds can be placed at this angle. For the three unshared pairs in XeF2 we might go to the extreme of maximum s and minimum p, sp2, which places these pairs in the equatorial plane, at 1200 from one another. The remaining orbitals, pd, permit the formation of two bonds at 180°, normal to this plane. This linear structure is known to apply to XeF2 (10, 11) . The bond strength increases greatly from sp3 to sp3d2 and sp3d3, but only by a further small amount to the best orbital, sp3d5. We might conclude that when d orbitals are available but only in somewhat restricted number the smaller bond angle would usually lie in the range 85°i 50 and the larger in the range 1600 I 200. This simple requirement often determines the structure. For example, in BrF3 the bromine atom has two unshared electron pairs, which can confidently be placed roughly at two corners of a regular tetrahedron. The three bonds would then lie in the plane of the other two corners, with two bond angles about 850 and the third 1700. This is, in fact, the structure of BrF3. Its microwave spectrum (12) (14) , is that the orbitals for unshared pairs occupy a larger solid angle than bond orbitals. This rule is a consequence of the increase in stability of electron pairs with increased amount of s character and of bonds with increased amount of p character or d character. That the rule applies also to orbitals with d character can be shown by use of Eq. 4. For example, two unshared-pair orbitals of type sp3d make the angle 100.7°with one another, whereas two bond orbitals p3d2 make the smaller angle 74.7°with one another; the angle between the two kinds of orbitals has the intermediate value 78.10.
The use of Eq. 4 to draw conclusions about the nature of unshared-pair orbitals may be illustrated by the example of BrF5 and XeF5+. In the earlier discussion the axial orbital was assigned the hybrid nature s'/'2p'/2d5/'2. With total composition of the six orbitals sp3d2 the unshared-pair orbital becomes s'/4p'/2dl/4, with calculated angles 97.90 with the lateral bonds and 1610 with the axial bond. This composition of the unshared-pair orbital, with three times the s character of the axial orbital and 50% more than the lateral orbitals, is reasonable.
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